Abstract. In this research note the satisficing newsvendor problem is considered which is defined as the maximization of the probability of exceeding the expected profit multiplied by a positive constant. This constant called optimism coefficient can be chosen by the firm's management either based on their preference or the market conditions. The coefficient indicates whether there is a low or high optimistic decision maker. For the general demand distribution the results are significantly dependent on this coefficient.
Introduction
The newsvendor problem is a fundamental stochastic inventory model [11, 16, 19] . In the classical newsvendor problem the order quantity has to be determined, which maximizes the single period expected profit. Sometimes business companies instead of maximizing the expected profit base decision making on aspiration levels (called also profit targets), where the probability of achieving the aspiration level is maximized [1, 5] . Simon [17] argues that this is a more sensible approach and it may be better to view profit not as an objective to be maximized, but rather a constraint relative to a given aspiration level. He introduces the term satisficing to this engagement. Later Brown and Sim [2] utilize the concept of aspiration levels to model financial positions, but they additionally mention that their framework is readily applied to other settings. Brown and Sim [2] axiomatize the general class of satisficing measures, which includes success probability measures and also some risk measures, like valueat-risk (VaR). Brown and Sim [2] also state that an important advantage of the satisficing approach is that the aspiration levels are very natural for investors to specify, whereas the traditional models based on risk measures or utility functions depend on risk tolerance parameters. Generally risk tolerance parameters are difficult to grasp intuitively for investors and harder to assess appropriately in comparison to assessing aspiration levels. Among many authors, who conclude that the aspiration levels play an important role in the real world, Mao [12] shows in empirical study that managers asked on definition of risk answered that "risk is primary considered to be the prospect of not meeting some target rate of return".
F O U N D A T I O N S O F C O M P U T I N G A N D D E C I S I O N S C I E N C E S
Reference points are used instead of aspiration levels in the reference-dependent theory [10] . However the satisficing approach does not rely on the axioms of utility theory and does not assume that the target has stochastic nature [2] . Another theory connected with satisficing measures is the theory of risk. With regards to this theory Brown and Sim [2] show that probability measures and VaR are dual forms and probability measures are not the special case of VaR. In fact there is a significant difference between them. In the probability measures the aspiration level rather than specifying risk aversion parameters should be fixed. After that the largest value of the aversion parameter is chosen so that the risk of exceeding the target at that parameter is acceptable. Actually the probability measures are highly risk-averse. They explain risk-aversion using the measure of downside risk defined as the critical probability that the target performance level will be obtained. This implies that the firm is only concerned with the risk of not achieving the target and the company is not motivated to overachieve the aspiration level. Such an objective is used if the under-achievement is highly undesirable and the over-achievement is not very rewarding. However, the higher a profit target, the more risk-taking behaviour the target will induce.
One of the first paper devoted to using the probability measures in the newsvendor model is [9] . Later this subject is treated in [6, 13, 15] . In [13] the optimal order rates for normal distribution are given. Recently, in [6] the fixed target profit, which is equal to the maximal expected profit, is studied and in [15] the optimal inventory or capacity allocation are considered. VaR measure is examined by many authors, which is summarized in [4] , Chapter 8. Since this is not the scope of this study, a vast research on VaR is not conducted. Recently risk measures are treated in [3] , where the authors create a new measure that incorporates the aspiration-level measure with VaR. For more information on satisficing in newsvendor problem we refer to the book of Choi [4] . In this paper the aspiration level treated in [14] is modified, where the maximization of the probability that the profit will be greater than the expected profit is considered. A new aspiration level is introduced which is defined as the expected profit multiplied by a positive constant β. The improvement seems to be very simple, but it has a confirmation in real life conditions. It is reasonable to assume that profit targets are not purely preference-dependent but often affected by the opportunities available for the firm [17] . In such cases the firm is able to moderate the aspiration level, depending on its level of optimism influenced by the market circumstances, to be a little lower or higher than the profit they expected. For that reason in this study the constant β reflects the level of optimism of the decision maker and is called the optimism coefficient. If β > 1 then it corresponds to a very optimistic decision maker who sets a high profit target to achieve. In case of β ≤ 1 the decision maker is less optimistic and the aspiration level is lower. The interpretation is appropriate if the 262 M. Bieniek expected profit in the optimal point is non-negative. Otherwise the firm should consider an alternative optimization method. In practice the management is interested more in gaining rather than losing. Although the satisficing objective is ultimate risk-averse regardless of the profit target, as mentioned earlier, the higher optimism coefficient, the more risk-taking behaviour it implies.
The main contribution of this study is that the coefficient β has a strong impact on the optimal solution, which is based on a single numerical example. It is worth mentioning that the dependency of the results on the optimism coefficient cannot be described by an elementary mathematical function. It is shown that the case of high optimism is more difficult to consider than other cases and it needs some additional assumptions. The solutions obtained with the optimism coefficient equal to one are equivalent to those obtained by Parlar and Weng [14] . All presented formulas refer to the continuous version of the newsvendor problem.
Existence of non-trivial solution
Let p > 0 denote the unit revenue, c > 0 stand for the unit purchase cost, s > 0 be the unit shortage cost and v ∈ R denote the unit salvage value. The salvage value of an item is the value of a remaining item when no further inventory is desired. The salvage value represents the disposal value of the item for a firm. The negative salvage value is called the salvage cost and depends on what is done with the remaining items [7, 14] . The standard assumption is v < c < p. The demand is the non-negative random variable X with a known distribution function F (x), the density function f (x) and expected value E(X) = µ. The order quantity Q is the only decision variable in the newsvendor model. If the realized value of the demand is x, then the realized profit is given by
Thus the profit π(X, Q) is also random and depends on the order quantity Q and the random demand X. It leads to the well known expected profit function
The problem is to determine the optimal order quantity Q, which obviously depends on the adopted optimality criterion. In the classical solution to the problem the optimal order quantity Q * E is chosen, which maximizes E(Q) and is given by F (Q * E ) = p+s−c p+s−v . It is worth mentioning that although E(0) = −sµ (the shortage costs must be paid) and E(∞) = −∞, an assumption is made that max E(Q) > 0, i.e. the maximal expected profit is positive. Alternative optimality criterion proposed in [14] , is to maximize the probability P [π(X, Q) ≥ E(Q)] of exceeding the expected profit. The aspiration level is modified 263 Satisficing Newsvendor Problem with the Optimism Coefficient and the objective function is defined as the maximization of the success probability given by
where β > 0 is the optimism coefficient. Although, it is a simple modification, it brings some non-trivial results, especially for β > 1. The advantage of that form is that through the use of parameter β the aspiration level can be defined in a more general and flexible manner because the optimism coefficient can also be specified by the exogenous market conditions. The disadvantages of this approach is the necessity for some constraints on Q which, for a given β, ensure that
where
is the maximum profit level and for which the success probability is positive. The condition (4) is equivalent to
and Q is a decision variable.
Theorem 1 A solution to the satisficing-level problem (3) with the optimism coefficient β > 0, which assures that P (Π(Q) ≥ βE(Q)) > 0, exists if 1. β ≤ 1, or 2. β > 1 and
where Q * T is the (unique) solution to equation
or 3. β > 1 and (8) does not hold and the order quantity belongs to the interval (0, Q L ) ∪ (Q P , ∞), where Q L and Q P are the solutions to the equation
For the sake of simplicity if β > 1 then further study is done for the model parameters satisfying (8) .
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Success probability with the optimism coefficient
Assuming that the parameters of the model satisfy (8), the success probability H(Q) = P (π(X, Q) ≥ βE(Q)) can be written in the form
The integral limits D 1 (Q) and D 2 (Q) are non-negative functions of Q and β. Using the expressions from [14] the lower limit function D 1 (Q) is given by D 1 (Q) = max(0, ξ(Q)), where
If E(Q) ≥
In order to analyse the variability of H(Q) the variability of the limit functions is investigated first. The analysis is similar to those given in [14] , however β cannot be introduced automatically and the dependence on β is not described by any elementary function. Note that
Moreover, ξ (Q) > 0 for Q ≥ 0 and β ≤ 1 and it can be stated that ξ(Q) has a unique zero at Q 0 . Then D 1 (Q) is equal to 0 up to Q 0 , and then it is an increasing function of Q. Next, for β > 1, the equation ξ (Q) = 0, or equivalently
has the unique root Q 1 . Therefore the function ξ is increasing on (0, Q 1 ) from − βsµ p−v to ξ(Q 1 ) and then decreasing on (Q 1 , ∞) to −∞. In order to prove that ξ(Q 1 ) > 0 the number of zeros of ξ(Q) is studied. Note that ξ(Q) = 0 if and only if
where R(Q) is defined by (7) . For β > 1 the last quantity is negative but greater than R(∞) = v − c. Since R(Q * T ) > 0 then taking into account monotonicity of R(Q) it is observed that (15) has exactly two solutions, and ξ has exactly two zeros Q 0 and 265 Satisficing Newsvendor Problem with the Optimism Coefficient 
Moreover, since the second derivative D 2 (Q) = β p+s−v s f (Q) is positive, then the function D 2 (Q) is convex. The limit function D 2 (Q) is decreasing up to Q 2 , then tends to infinity for Q > Q 2 and attains the minimum at the point Q 2 , which is well-defined since 0 ≤ F (Q 2 ) ≤ 1. The graphs of the functions D 2 (Q) and D 1 (Q) for β = 1.2 are plotted in Figure 1 . Now the analysis of the variability of the difference
The point at which D 2 (Q) − D 1 (Q) reaches the minimum is specified below.
For β ≤ 1 if 
is an increasing function of Q for all Q ≥ 0.
, where Q * E is the point for which E(Q) is maximal. Now the properties of H(Q) defined by (11) are analysed. It should be emphasized, that in general Q M which minimizes D 2 (Q)−D 1 (Q) does not have to minimize H(Q). The set of acceptable assumptions allowing the study of variability of the success probability as a function of Q is given.
Theorem 2
1. If β > 1, the model parameters assure that Q 2 < Q 0 and the demand density satisfies
2. If β ≤ 1 and the demand density satisfies (19) with Q 1 = ∞, then H(Q) is maximized at some Q Since it is hard to examine analytically the dependence of the results on β, a numerical example is given. In Table 1 numerically obtained values of H(Q) and the corresponding order quantities are presented for various values of β > 0. The newsvendor problem with parameters (µ, σ, v, c, p, s) = (300, 50, 15, 19, 25, 50) and normal demand distribution N (µ, σ) is considered. The parameters attain the same values as those treated in [14] . Note that as β increases from 0.8 to 1.2 with step 0.1, the order quantity Q * H decreases from 336.24 to 302.44 and H(Q * H ) decreases from 0.778 to 0.652. In Figure 2 the variability of H(Q) is presented for β = 0.9; 1.0; 1.1, respectively. This implies that the optimism coefficient plays an important role on the maximization of the success probability. In presented example Q * 
Conclusions
In this paper the results of [14] concerning the solution to satisficing-level newsvendor problem have been extended . The aspiration level studied in the mentioned paper is modified by introducing the optimism coefficient. This is a positive constant, which can be fixed by the management of the firm taking into account internal (decision maker optimism) and external (market climate) conditions. If the optimism coefficient is less or equal to one, a newsvendor is less optimistic and market conditions are unfavourable. The optimism coefficient greater than one assumes a very optimistic newsvendor and favorable market circumstances. The described problem is solved for any positive value of optimism coefficient. The newsvendor model with high optimism coefficient is more demanding and consequently different than models for other values. Therefore in this case some necessary assumptions on the order quantity should be made and the derivations could not be immediately obtained from the results of [14] . The main result of this paper is proving that the constant introduced in the aspiration level significantly influences the solution in a non straightforward way. The given probability measure may be useful in practice since most firms prefer assigning target profits to estimating risk parameters and simple solutions are more likely to be used in the real world.
Appendix
Proof of Theorem 1
If β ∈ (0, 1] then the condition (6) is satisfied for any Q ≥ 0. However, for given β > 1 it is possible that (6) fails. Now the monotonicity of R(Q) given by (7) is studied. Since E(0) = −sµ < 0 then R(0) = lim Q→0 E(Q) Q = −∞. Moreover since
then lim Q→∞ E (Q) = v − c and by de l'Hospital rule
. Now using the expressions (2) and (20) the result is
Note that is positive for all Q ≥ 0. Therefore, the difference D 2 (Q)−D 1 (Q) is a convex function of Q and attains its minimum value at Q M . Note that for β > 1 the point Q M is well-defined because 0 ≤ F (Q M ) ≤ 1. For β ≤ 1 the existence of Q M follows from (18) .
Proof of Theorem 2 Note that if β > 1 and Q 2 < Q 0 then D 1 (Q) = 0 and D 2 (Q) > 0. Consequently, H(Q) is increasing on (Q 2 , Q 0 ) and the demand density is positive except for possibly finite number of points. Furthermore H (Q) = f (D 2 (Q))D 2 (Q) − f (D 1 (Q))D 1 (Q) and the condition assuring the negativity of H (Q) for Q ≥ Q M follows from (19) . The proof is similar if β ≤ 1.
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